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Stateient o| the Prpble» 

Becent technoloqical developaents have resulted in a wxde 

variety of imagine} systecs and subsystems. The flexibility 

and technology available to the designer include various 

leans for collecting, coding, trans»itting, decoding, analog 

and digital processing, and analog and digital display. The 

ipplications of such systems and subsystems are myriad, 

ranging fro» static and dynamic military photointerpretive 

functions, througn coamercial and closed-circuit television 

and facsimile systems, to diagnostic radiological instrumen- 

tation and earth resources applications. The scientific 

world is quite familiar with some of the techniques which 

can be used to ttimprove,• the nature of any such image, ana 

the non-scientific world has equally seen examples of image 

processing effectiveness, such as the Zapruder and Hughes 

filas of the Kennedy assassination. in many cases, it is 

clear that such processing and display techniques can 

extract information in the original image which is otherwise 

well below the threshold capacity of the human visual sys- 

tem, whereas in other cases it is quite clear that process- 

ing techniques can often serve either to hide existing, and 

iaportant,  iaage detail or to "create" (artifactual)  laage 

- 1 
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detail which xs perhaps not present in the original image or 

in the "real world.M Heretofore, most of these areas ot 

iaage syste» and subsysten developaent have plainly suffered 

fron their inattention o hunan observer requirements. The 

nost visible of these deficiencies is the extensive and 

expensive develop»ental effort xn digxtal xsage processing, 

particularly that part devoted to the iaproveaent 

("enhancement," •»restoratxon") of xaages for purposes ot 

huaan information extraction. in nearly all of the work 

performed in xaboratories around the country that are pursu- 

ing this type of research, the necessary evaluative efforts 

to determine the utilxty of processing and display techni- 

ques have not been conducted. Rather, reports and publxca- 

tions of this work typically take the tora of »before and 

after1' pairs of images, where the reader is left to estxaate 

the utility of such iaages either by visual inspection ot 

these published (second- or third-generatit n) photographs or 

by the subjective opinions offered in the text by the 

author. 

Because the intent of such image processing technxguea is 

to iaprove the inforaation extractxon capabilxties of the 

huaan observer, xt is clearly appropriate and mandatory that 

evaluative techniques include objective measurement ot human 

information extraction froa such iaages, rather than acreiy 

subjective estxaates of the overall quality or utilxty oi 

the iaage.   Untortunately, the extraordinary state of 

- 2 - 



affairs in this scientific reale is that the buaan factors 

experiments required to produce quantitative and objective 

assessment of image quality have rarely, if ever, been esea- 

sured in image processing laboratories or in conjunction 

with image processing programs. 

In view of the many millions of dollars being devoted to 

image collection, processing, and display systems tor the 

military and civilian use of digitized images, it is quite 

clear that this assessment program is urgently needed to 

devise procedures, techniques, and metrics of digital image 

quality. This program includes the establishment of a 

standardized set oE proce dures for obtaining human obser- 

ver information extraction performance; relating this per- 

formance, in a quantitative manner, to the various collec- 

tion, processing, and display techniques and algorithms; ana 

devising a guantitative relationship for the multidimen- 

sional scaling of the various collection, processing, and 

display techniques in "performance space.** 

Only through such an integrated program of research can 

the system and subsystem designer have meaningful data for 

cost-benefit analyses of future system development, be sucn 

systems intended either for military or tor non-military 

applications. The image collection, processing, and display 

technology is now at a point whereby such evaluative 

research is sorely needed. Fortunately, microphotoaetnc, 

microdensitometric, and human performance measurement tech- 

i 
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nigues have been evolved during the past several years to 

relate human infornation extraction perfornance to the vari- 

ous physical characteristics of both electrooptical and pho- 

tographic inage displays. The present research program will 

greatly extend these recently developed techniques into the 

area of digital images, emphasizing derivation of metrxcs of 

image quality appropriate to digitized images, and providing 

quantitative data which will permit the designer and system 

developer to plan his developmental effort as well as to 

specify optimum system components for particular image 

acquisition and display requirements. 

Overview of the Program 

The research plan is laid out schematically in Figure 1. 

Bach small, solid-lined box in Figure 1, with the exception 

of the uppermost, indicates a separate task to be conducted 

during the course of the effort. The two large, broKen- 

lined boxes delineate the specific display formats that will 

be studied and compared during the initial program: black- 

and-white hard-copy transparencies and electronic (soft- 

copy) displays. The small, broken-lined box at the bottom 

illustrates important extensions of this research to be pur- 

sued in the future, namely interactive digital displays in 

both black-and-white and tull color. 

- a - 
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Pfifft PMectj-veg 

The research objectives of this proqrai are as follovs: 

1. Develop standardized procedures and techniques to 

evaluate hard-copy (fill) and soft-copy (CRT) 

digital iaage quality. 

2. Coipare candidate physical metrics of iiaqe qual- 

ity. 

3. Coipare hard-copy vith soft-copy displays for 

iaaqe interpretation. 

*- Evaluate candidate processing, enhanceaent, and 

restoration algorithas for iaproveeent of iaage 

interpretation on soft-copy displays. 

To achieve these objectives,     the    prograa is broken  into 

13 interrelated tasks,  which are listed below. 

SfiasAiAfi Pgggftffft» las&s 

In keeping with the general goals described above, the 

specific research tasks are as follows: 

1. Develop an imagery data base and image intepreta- 

tion scenarios from high quality aerial photogra- 

phy relevant to the image interpretation task. 

2. Select and purchase display and interface hardware 

to present the image data base on soft-copy (CRT) 

displays. 

- 6 - 
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3. Develop image ■anipulation software for soft-copy 

and hard-copy experiaents. 

I. Develop and standardize observer data collection 

procedures for hard-copy and soft-copy experi- 

■ents. 

5. Develop and standardize procedures for obtaining 

physical iaage aetrics fron hard-copy and soft- 

copy displays. 

6. Digitize and degrade data base iaagery and record 

iaages on hard copy and aagnetic tapes for soft- 

copy display. 

7. Obtain physical iaage aetric data for hard-copy 

and soft-copy displays. 

8. Conduct subjective guality scaling and xnforaation 

extraction studies on hard-copy iaages. 

9. Conduct subjective scaling and inforaation extrac- 

tion studies on soft-copy displays. 

10. Evaluate the utility of iaage guality aetrics tor 

both hard-copjf  and soft-copy iaagery. 

II. Conduct subjective scaling and inforaation extrac- 

tion studies on processed soft-copy iaagery. 

- 7 - 
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12* Analyze utility of iaage quality letrics for pro- 

cessed soft-copy iaagery. 

13. Coapare iiage quality setrics for hard-copy and 

soft-copy (processed and nonpcocessed) images. 

Belate these results to concepts and aodels of 

husan visual perforaance and to iaaging system 

design variables. 

JL 

-  8 - 

^■--■•-^ ■- ~ 



rrr- ™-3,™;.^ i&,» f^WuRyoME^^«-.-«:, ifc^fey*!<lwt^-<^*^p?8BiligiwB^^a(-'"p' •Mfee.AM-r-tfrr.vniKy* 

I 
i 
I 
1 
I 
I 

f   1 

I 
I 
I 
I 

Wms OF 2HB pgsgApgs 

Each of the 13 research tasks is listed in Table 1, along 

vith scheduled and/or actual coapletion dates. 

In general, the research is on schedule. Task 1 through 

Task 8 are complete. That is, preparation for and conduct 

of all hard-copy studies are coaplete, and technical reports 

relating to these studies are in the final stages of prepa- 

ration and review. It is anticipated that these reports 

will be published and distributed by 31 Harch 1981. Prepa- 

ration is largely complete for the soft-copy study dealing 

with non-modified imagery, and data collection for this 

study should begin approximately 15 Harch 1981, and should 

be concluded by 30 July 1981. Thus, Task 9 should be com- 

pleted ahead of schedule, and Task 10 should be coapleted at 

least on schedule. 

- 9 - 
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Schedule and Status 
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Task 
Scheduled 
Completion 

Status or 
Actual Coapletion 

1. Data base and scenario 
development 

2. Display and interface 
hardware 

Harch 1979 

Harch 1979 

3* Image manipulation software Sept., 1979 

January 1980 4. Observer data collection 
procedures 

5. Procedures for quality 
metrics measurement 

6. Digitize and record 
data base 

7. Image quality measurements, 
hard- and soft-copy. 

8. Hard-copy studies 

9. Soft-copy studies 

10. Quality metric evaluation 

11. Processed soft-copy 

12* Quality metrics for 
processed soft-copy 

13» Summary analyses 

June 1980 

July 1980 

August 1980 

Sept., 1980 

Dec, 1981 

Dec, 1981 

July 1982 

October 1982 

Dec, 1982 

June 1979 

«arch 1979 

June 1980 

January 1980 

June 1980 

July 1980 

December 1980 

September 1980 

to begin Harch 1981 

to begin June 1981 

- 10 - 
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Several publications are currently in progress. The 

first technical report to be issued (draft January 1981) 

vill suaoarize the data collection process and results of 

the information extraction study of the hard-copy imagery. 

The second Major technical report will describe the experi- 

■ental process and suaaarize the results of the quality 

scaling experiaent of the hard-copy imagery. Together, 

these tvo reports suaaarize the work leading up to and 

including Task 8. In addition, a separate Technical Report 

will suaaarize the preparation of, aeasureaent of, and con- 

tent of the iaagery data base (Tasks 1, 3, 5,  and 6).  The 

I draft of this report will be subaitted to AFOSB for review 

by the end of February, 1981. k separate Technical Report, 

to be coapleted by the end of May, 1981, will describe the 

systea for display, aanipulation, and data collection with 

soft-copy displays. While this is not called for as a sepa- 

| rate Technical Report in the Stateaent of Work, xt is 

believed that this particular publication will be very use- 

ful for others conducting research in this area, and will 

serve as a docuaentary basis for future studies with the 

soft-copy iaagery. Separate Technical Reports dealing with 

the soft-copy studies conducted during the Harch-June 1981 

- 11 - 
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tile fraie    vill be coipleted    in  draft    form by the    end of 

Septeaber»   1981,  and submitted to  AFOSB at that tiie. 
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The principal  investigators of this research are: 

Harry L. Snyder, Ph.D. 

Hasan Factors Laboratory 

Department of Industrial Engineering and Operations Research 

Virginia Polytechnic Institute and State University 

BlacJtsburg,  VA 24061 

Jaaes J. Burke, Ph.D. 

Optical Sciences Center 

University of Arizona 

Tucson,  AZ 85721 

They are assisted by the following personnel: 

PmftFffh Asgogj-at^s 

Charles D. Bernard, U.S.   (VPI&SU) 

Hichael E. Haddoz,  Ph.D.   (VPI&SU) 

L. Hardy Hason, B.S.   (VPI&SU) 

Bobin H. Strickland,   Ph.D.   (Q of AZ) 
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Thoaas J. Brueqqe, B.S. (0 of kZ) 

Kenneth B. Castle, B.S. (0 of AZ) 

Thoaas H. Lippert, B.&. (VPI&SU) 

David I. ShediTy, U.S. (?PI6Sü) 

Jaaes k.  Turpin, B.A. (VPI&SU) 

Each of these students is a degree candidate doing thesis 

work under this research prograa. 
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In the conduct of this research during the past year, 

nuaerous «eetings have taken place, foraally and inforaally, 

with »any persons. In addition, the personnel necessary to 

serve as subjects and to facilitate data collection, as 

planned, have been provided by both the 460th Tactical 

Reconnaissance Technical Squadron, Langley JkFB, and the 

5«»8th Tactical Reconnaissance Group, Hickaa AFB. We acknow- 

ledge, with great appreciation, the assistance of the fol- 

lowing coaaanding officers of those organizations, both 

organizations having had a change of comaand during the past 

year. 

Col. Carl Riles, Coanander, 460th Tactical Reconnaissance 

Technical Squadron, Langley AF6 

Col. David K. Lehnertz, Coaaander, 460th Tactical 

Reconnaissance Technical Squadroa, Langley AFB 

Col. Ronald Harkarian, Coaaander, 548th Tactical 

Reconnaissance Group, Hickaa AFB 

Col. John fi. Hclntyre, Jr., Coaaander, 548th Tactical 

Reconnaissance Group, Hickaa AVB 
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Other personnel fro« each of the above installations have 

been particularly helpful as well.  Through the cooperation 

of these people and their organizations, arrangements have 

been »ade to use Langley photointerpreters for the soft-copy 

data collection and preparation for hard-copy data collec- 

tion.  In addition, Hickam photointerpreters served for the 

hard-copy data collection during the Months June-Septeiber 

1980» «e especially recognize the contributions of the fol- 

lowing persons who devoted considerable effort and tiae to 

■ake this research possible during the past year. 

Lt Col. John C. Griasley, 5«»8th RT6, Hicka» hfh 

SHSgt Eugene Andrenacci, 518th RTG, Hicka» AFB 

SHSgt George Pisarek, <»60th BTS, Langley AFB 

SHSgt Jiaay L. Rogers, 5t8th RTG, Hickan AFB 

HSgt Donald J. Aaitrani, 460th BTS, Langley AFB 

HSgt Roger L. Cox, S<t8th RTG, Hickai AFB 

TSgt Daryl J. «hitney, 548th RTG, Hickaa AFB 

As technical aonitor, Hr. Gilbert Kuperaan has been 

extreaely helpful in providing contacts and advice, and in 

assisting with the initiation of data collection at the 

5il8th RTG. His advice has certainly aade this research more 

■eaningful and useful. 
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DISCOVEBIBS. I£V£MI£OMSf PAyEBTS 

Ho discoveries,  inventions,  or patents have cose fron 

this work to date. 
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OTHER IMFORMATIOli 

The major technical hurdles during the past year were the 

developient of a suitable iiagery data base and the collec- 

tion of photointerpreter perforsance and scaling data with 

that data base. While significant technical problems 

existed, all were acceptably suraounted and the effort was 

coapleted on schedule and with satisfactory results. These 

technical issues and the results are contained in separate 

technical reports. 
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